Summary. Spermatozoa from the testis and various regions along the epididymis of the rat were collected by micropuncture and their motility after dilution was estimated over a 15-min period by using a Quantimet image analyser. The motility of spermatozoa from the rete testis and seminiferous tubules was too low to be measured. The estimate of motility of spermatozoa from the proximal caput epididymidis was much lower than that of spermatozoa from the other regions. Spermatozoa from the distal part of the caput showed sustained motility for 15 min, whereas those from the caudal region and ductus deferens, although active initially, became less active during this period.
Introduction
Spermatozoa are virtually immotile when they leave the testis but acquire the capacity for movement during their stay in the epididymis. The pattern of sperm motility in various regions of the epididymis has been studied in several species (Tournade, 1913; Blandau & Rumery, 1964; Gaddum, 1968; Fray, Hoffer & Fawcett, 1972; Burgos & Tovar, 1974) , but there have been relatively few studies concerned with the measurement of the motility of spermatozoa from distinct sites along the mammalian epididymis. This is probably due to the lack of adequate in¬ struments designed to quantify sperm motility and also of techniques available for obtaining samples of spermatozoa from distinct areas along the epididymis. It is important that these samples should be free from tissue, blood and other extracellular fluids which possibly interfere in the measurements of motility. Micropuncture techniques, used extensively by many kidney physiologists, have been applied to the male reproductive tract in order to collect samples free from contamination, but the only previous study known to us which has used micropuncture techniques to study the motility of the epididymal spermatozoa from the rat is that by Wyker & Howards (1977) , in which three sites were chosen and motility was measured by assessing the percentage of spermatozoa motile in each sample.
The present investigation was undertaken to study the precise area in the caput epididymidis of the rat where the potential for motility of spermatozoa begins and to compare the degree of motility of spermatozoa removed from distinct sites along the epididymis.
Materials and Methods

Animals
Adult male Portón-Wistar rats weighing (Ullrich, Frontier & Bauman, 1969 Tuck, Setchell, Waites & Young (1970) as modified by Setchell & Main (1975) .
Motility measurements
The sperm suspension collected from each site was transferred into a droplet of phosphatebuffered saline (Dulbecco ' tablets: 140 mM-NaCl, 0-3 mM-KCl, 0-8 mM-Na2HP04, 0-2 mM-KH2P04, pH 7-3: Oxoid), warmed to 32°C, and positioned in the sample chamber (0-24 mm deep) of a membrane slide which allows diffusion of oxygen into the sample (see Dott & Foster, 1979 
Results
Spermatozoa from the seminiferous tubules and rete testis showed no measurable motility either immediately after collection or after 15 min in vitro. Motility was seen in spermatozoa from the proximal caput epididymidis but the ACF motility value was always less than that of spermatozoa from the other regions. The values for the spermatozoa from the distal regions of the caput to the distal corpus epididymidis were similar at 0 min although those for spermatozoa from the cauda and ductus deferens were always slightly greater (Tables 1 and 2 ).
Group 1 During incubation, there was an increase in the ACF motility value of the sample from the proximal caput epididymidis from 0 to 10 min (0-01 < < 0-001). There were no significant changes during the 15-min period for spermatozoa from the distal caput or distal corpus. The ACF motility values decreased between 0 and 5, 0 and 10 and 0 and 15 min (0-01 < < 0-05; 0-001 < < 0-01; < 0-001 respectively) in the samples from the mid-corpus and between 0 and 10 and 0 and 15 min (0-001 < < 0-01; 0-001 < < 0-01 respectively) from the proximal cauda. In the distal cauda and ductus deferens samples there were decreases in ACF values from Oto 10 min (0-001 < < 0-01; < 0-001 respectively) ( Table 1) .
Group 2
The ACF motility values did not differ greatly between Sites 2b and 3 although in contrast to those in the first group (Table 1) there was a slight decrease after 15 min from the Site 3 sample. There was an increase in the ACF motility value of spermatozoa from Site 2a between 0 and 5 min and 0 and 10 min (0-001 < < 0-01; 0-001 < < 0-01 respectively) ( Table 2) .
There were no consistent differences in the ACF motility values of the spermatozoa from the proximal cauda epididymidis at the beginning and end of the experiment in any of the rats. Characteristics of movement The spermatozoa removed from the proximal caput epididymidis were 'sluggish' during the first 3-5 min of observation but from then on, a circular non-progressive type of movement could be seen. In the next five sites (from caput 2a to distal corpus), this circular pattern of movement gradually changed (after only a few minutes in the caput and almost immediately in the distal corpus sample) to an undulating, progressive movement. The movement of spermatozoa from the cauda and ductus deferens was characterized by intense, forward and criss-cross movements immediately after dilution as reported by Blandau & Rumery (1964) . Initially, groups of spermatozoa moved together because their heads were adherent. After 5 min these groups dissociated and more individual sperm movement was observed. Thereafter, the spermatozoa tended to interconnect, forming a web of immotile spermatozoa, and only a few remained attempting to penetrate this web.
Discussion
This study is probably the first to use an objective measurement of the motility of spermatozoa removed from precise sites along the epididymis of the rat (in contrast to counting the percentage of spermatozoa that are motile). The samples collected were free of contamination from surrounding tissue, blood and other extracellular fluid which may have interfered with the motility measurements. Our findings have confirmed the previous results (Blandau & Rumery, 1964; Burgos & Tovar, 1974; Wyker & Howards, 1977) (Gaddum, 1968) .
We have no explanation for the gradual decrease with time of the ACF motility values of the caudal and ductal samples; this contrasts with the maintenance of the ACF motility value of the spermatozoa from the corpus and distal caput epididymidis and the gradual increase in the ACF motility value in those from the proximal caput epididymidis. The spermatozoa from the cauda and ductus deferens were more active than the others and they may have exhausted their energy reserves more quickly, but we cannot exclude the possibility of accumulation of toxic metabolites such as lipid peroxides (see Jones & Mann, 1977a, b) .
Previous workers have found that the spermatozoa removed from the epididymis are immotile when held in their natural environment and become motile only when they are diluted with buffer (Morton, Harrigan & Jooss, 1973; Wyker & Howards, 1977 (Jones & Glover, 1973 ; B. T. Hinton, unpublished observations). Indeed, in all samples from rats in the present study, spermatozoa in areas of high density were immotile whereas those in areas of low density in the same sample on the membrane slide were extremely active. This was the main reason why areas of approximately equal sperm concentration were chosen in different samples.
Whatever the explanation for the differences in vitro, it is clear that as the spermatozoa move along the epididymis in vivo they develop the potential for motility. The development of motility may be due to ageing of the spermatozoa (Young, 1931; Bedford, 1975) 
